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Introduction
Retinopathy of prematurity (ROP) is a multifactorial disease in which retinal blood vessels of premature infants fail to grow and develop normally, sometimes resulting in visual impairment and blindness 1, 2 . ROP has been acknowledged as one of the major causes of blindness in infants and children in developed countries, and has emerged as a problem in developing countries as well. This is because of advancement in neonatology for which survival of premature and very low birth weight neonates have been increasing in the developing countries 3, 4 .
Although supplemental oxygen therapy has been considered the main risk factor in the past, several recent studies have suggested a multifactorial basis for ROP development. The risk factors reported are very low birth weight, preterm gestational age, postnatal steroid, prolonged mechanical ventilation, repeated blood transfusion, and prolonged parenteral nutrition [5] [6] [7] .
In recent years, the role of blood transfusions and iron intake as risk factors for ROP has been strongly emphasized 8, 9 . Reports have provided conflicting views on the relative role that transfusions may play. Some studies suggest that anemia per se is a risk factor for ROP, whereas others contend that a high haematocrit ratio and frequent blood transfusions are important independent risk factors 4,10-12 .
The usual explanation is that tissue (including retinal) oxygen levels are increased by transfusion owing to the reduced affinity of adult hemoglobin to oxygen as compared to fetal hemoglobin. An alternative hypothesis is that damaging effects of blood transfusion on the retina are mediated by an increase in free iron load which may react with various intermediates of oxygen generating highly reactive oxygen radical. Otherwise, protection against free iron is provided by ceruloplasmin and transferrin, but in preterm infants with gestational age lower than 34 weeks, the levels of these binding proteins are very low, and rapid saturation of transferrin occurs 8, 9 .
On the theoretical basis that blood transfusions might be linked causally to ROP pathogenesis, we have conducted a prospective, observational study in which the relationship of volume of transfused blood and other factors with the development of ROP has been observed in preterm VLBW newborn infants.
Materials and Methods
This prospective study has been conducted at Dhaka Shishu Hospital from July, 2006 to March, 2008. Inclusion criteria was neonates admitted in Special Care Baby Unit (SCABU) and Intensive Care Unit (ICU), born at 34 or less weeks of gestation and having birth weight < 1500 gm. Neonates who had congenital anomalies, syndromic manifestations or suspected inborn errors of metabolism were excluded. Informed consent from the parents or legal guardians was obtained by study investigator before enrollment. Ophthalmological examinations were performed at Paediatric Ophthalomolgy Department of Bangladesh Eye Hospital.
For each patient data regarding perinatal, maternal and fetal problems, birth weight (whenever applicable), gestational age (from maternal recall of LMP or available ultrasonogram reports) were recorded. Duration of gestation has been confirmed by assessing modified new Ballard score. In addition, duration of oxygen therapy, duration of mechanical ventilation was noted. Age at first blood transfusion, and cumulative volume of blood transfusion was recorded. Daily clinical care was performed by attending neonatologist in accordance with hospital protocol.
At discharge, both of the parents and other family members were counseled regarding the importance of eye examination. A date of examination was fixed at 4 to 6 weeks of chronological age of the baby and at parent's convenience.
One paediatric ophthalmologist has examined all the cases. Pupils were made dilated with 1% phenylephrine and 0.5% tropicamide eye drop. The examination was performed about 20 to 25 minutes later using a binocular indirect opthalmoscope and +20D lense. After ophthalmological examinations they were divided into 'Normal group' that had normal findings on examinations (no ROP) and 'Abnormal group' that included newborns with abnormal findings (any stages of ROP).
Data managment and anlaysis was done by using the Statistical Package for the Social Science (SPSS, version: 12). Mean and standard deviation of the continous variables were seen. Comparative analysis of the variables was done between the "Normal" and "Abnormal" groups. During univariate analysis the categorical variable were tested with Chi-square (χ 2 ) and Fisher's exact test and for continuous variable Student's t test was done.
Results
During the study period of one year and nine months total premature (gestational aged" 34 weeks) neonates admitted in the SCABU and ICU were 162. At admission 129 neonates fulfilled inclusion criteria of which 36 (28%) died. Ninety three neonates were available at discharge and counseled for ROP screening. Eighty five neonates presented for first screening. There was a high drop out rate and only 62% (58 of 93) neonates could complete the required examinations. After ophthalmological examinations they were divided into 'Normal group' comprising 35(60%) neonates and 'Abnormal group' comprising 23(40%) neonates. Of the abnormal 23 neonates stage II ROP was seen in 13 neonates, stage III in 5 and stage IV in 5 neonates.
Tables-II shows total volume of blood transfusion (ml/ kg) in the study population. Twenty two percent (13) neonates did not get any transfusion. Those 13 neonates were found to have normal findings on ROP screening. Thirty neonates received blood transfusion >20 ml/kg. Two neonates had exchange transfusion for once (transfused volume 170 ml/kg) and two had twice (transfused volume 240 ml/kg). (Table I) . Table-IV) .
Discussion
ROP is an important cause of potentially preventable blindness in developed countries 13, 14 . In developing countries it is emerging as an epidemic 15 . It has a well-known variation in the incidence as well as in associated risk factors among centers and among countries 16 .
In our set up we do not have a well developed system for eye examination in preterm neonates. It is a limitation of this study that we could not perform eye examination during hospital stay due to lack of logistic support. Again, this was a follow up study. There was huge drop out (93 neonates were subjected to screening but examinations were completed by 58 neonates). For this reason we could not calculate the exact incidence of ROP. However, of the 58 neonates who completed all required examinations, rate of ROP occurrence was 40%. Bassiouny 6 from Oman reported an incidence of 34%, Maheshwari et al 16 from India found 27% incidence, and Grallo 17 from Italy showed an incidence rate of 37%. Our observation of rate of occurrence of ROP is similar to other studies.
In many studies of ROP, younger gestational age has been found to be a significant risk factor 5 . We did not find any significant relationship. We got only 11 (19%) neonates survived in the highest risk gestational age group (<28 weeks) and almost 50% of our neonate had >30 weeks of gestation. Unlike developed countries we could save a few premature extremely low birth weight neonate who fortunately had a smooth clinical course and short duration of hospital stay. These factors may be responsible for gestational age not to be significant. There are other studies in developing countries who did not find significant relationship between gestational age and ROP [18] [19] [20] . Dutta et al 19 in India had found the degree of prematurity could not predict the development of severe ROP.
A good number of studies have proven the relationship between very low birth weight and occurrence of ROP 13, 16, 21, 22 . Our study demonstrated the increased incidence of ROP in very low-birth weight babies which is comparable to most studies. Bassiouny et al 6 in Indonesia and Shah et al 2 in Singapore had similar findings of mean birth weight. It has been reported that infants who are born SGA may be more likely to develop ROP 16 . This finding could not be confirmed by the analysis of our data. Shah et al 2 in Singapore also did not demonstrate any significant relationship.
We have tried to find out the association between six perinatal factors and the development of ROP. Maternal eclamspsia or pre eclamptic toxaemia, mode of delivery, multiple gestation, small for gestational age was not significantly related with occurrence of ROP. Gitalisa et al 18 in their study did not find any association between maternal PET and ROP. Our study has revealed similar findings. Manzoni et al 15 in his study showed that vaginal delivery is a significant and independent predictor of severe ROP. In our study there was no difference in the occurrence of ROP and mode of delivery. Distribution of caessarian section was similar in both normal findings and abnormal findings group (12 and 14 respectively). We could not find any significant difference among the singleton or multiple gestation group. Rohit et al 21 also did not Many studies 6, 14, [16] [17] [18] have poven the role of hyperoxia in the pathogenesis of ROP. In our study prolonged duration of oxygen inhalation (>140 hours) was significantly associated with abnormal examination findings. Mechanical ventilation has a strong association with the occurrence of ROP. In this study we had 8 (11.0%) neonates who got mechanical ventilation support and all of them developed at least stage 2 ROP. Shah et al 2 , Shohat et al 20 , Kim et al 22 and others 6, 18 have got the similar result.
Blood transfusion may adversely influence the vascular development of retina, not only by increasing oxygen delivery to the retina, but also by overloading iron, which in turn increases free oxygen radicals 4 . The transfused adult haemoglobin increases oxygen delivery to the retina which may increase the risk of ROP 23 . Lackman 24 in his study has demonstrated that increased amount of free iron may catalyze fenton reactions, which produce free hydroxyl radicals from superoxide and hydrogen peroxide capable of damaging the retina.
Preterm sick neonates in our NICUs are often transfused with whole blood. Some times whole blood is transfused instead of plasma or platelet or any other blood product due to unavailability of that particular blood product. Our study has shown that the total volume of transfused blood is proportionately associated with the development ROP. We have found that neonates who developed ROP have got a mean of 37 ml/kg of blood transfusion and the normal group has got only 8 ml/kg. The association is significant. Sohat M 20 , Inder TE 25 and Akkoyun I 26 in their study has shown that the number of blood transfusions received and/or the total volume of blood received by premature babies is a major determinant of ROP besides gestational age and birth weight. Our results are in full agreement with the previous studies. Dani C 5 in his study has shown that transfusion of packed red cell >15 ml/kg increases the incidence of ROP. The author also found that transfusion of blood in the first week of life is related with ROP occurrence. Our study result also confirmed that transfusions during the first week of life act as a risk factor for the development of ROP.
We had four neonates who undergone double volume exchange transfusion and all four of them developed significant ROP. Dutta et al 19 reported the administration of packed cell and double volume exchange transfusions in the neonatal period acts as a major risk factors for the development of threshold ROP.
Conclusion
This study showed that blood transfusion in first week of life and repeated blood transfusion resulting in large cumulative volume are very significantly associated with occurrence of ROP. Other risk factors are very low birth weight, prolonged oxygen inhalation and mechanical ventilation. Our study suggests that a policy aimed at limiting the amount of blood transfusion to preterm infants could contribute to reducing the incidence of ROP.
